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We  studied  the  effect  of  molecular  orientation  on  the 
transverse  mechanical  properties  of  poly(g-phenylene-2, 6- 
benzobisoxazole)  (PBO)  and  poly(2,5-benzoxazole)  (ABPBO) .  We 
prepared  ABPBO  and  PBO  chains  with  radially  shaped  chain 
orientations  with  respect  to  the  enthrone  nucleus.  The  Inherent 
viscosity  of^  the  ABPBO  in  methene-sulfonic  acid  at  20°C  was  0.98 
dL/g.  The  C  FT  NMR  spectrum  of  the  star-like  polymer  showed  a 
chemical  shift  at  75.0  ppm  (relative  to  TMS)  corresponding  to  the 
quaternary  carbon  in  the  9-positlon  of  the  enthrone  ring. 
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ZimODOCTXOll 

The  pioneering  research  of  Kwolek  (1)  in 
establishing  the  foraation  of  lyotropic  solutions 
of  poly (p-benzamlde)  and  poly (p-pheny lane  tere- 
phthalaeide)  resulted  in  the  spinning  of  fibers 
which  aaintained  the  extreaely  high  degree  of 
chain  orientation.  The  resulting  fibers  exhibit 
high  strength  and  aodulus  in  the  direction  of  the 
fiber  axis,  however,  the  fibers  have  poor 
compressive  properties.  , 

Holiday  and  White  (3)  showed  that  a  plot  of  the  . 
average  transverse  a^ulus  against  the  cohesive 
energy  density  for  a  number  of  polyaers  was 
effectively  linear.  This  dependence  on  secondary 
valence  forces  for  strength  and  modulus  perpendi¬ 
cular  to  the  chain  direction  leds  to  poor  coa- 
presslve  strengths  in  fibers  and  delaaination 
problems  in  biaxially  oriented  films  extruded  from 
lyotropic  solutions. 

Poly(p-phenylene-2,«-benzoblsthlazole)  (PBZT) 
and  poly(p-  phenylene-2,C-benzobisoxazole)  (PBO) 
were  Initially  prepared  at  the  Air  Force  Materials' 
Laboratory  at  Wright  Patterson  (3).  Holfe(4) 
discovered  that  the  preparation  of  PBZT  in 
polyphosphoric  acid  (PPA)  could  be  achieved  at  , 
polyaer  concentrations  as  high  as  31  wt  %  by  I 

increasing  the  phosphorus  pentoxide  content  of  the 
PPA.  This  discovery  of  a  method  to  fora  more 
concentrated  polymer  solutions  resulted  in  the 
preparation  of  liquid  crystalline  solutions  of 
less  rigid  polymers  such  as  poly(3,6-benzothl- 
azole)  (ABPBT)  and  poly(3,S-benzoxazole)  (ABPBO) . 

Dlckstein  and  Lilya  (5)  prepared  lyotropic  star 
block  copolymers  containing  poly (dimethylsiloxane) 
flexibly  segments  and  poly (p-benzamide)  rodlike 
segments.  Dlckstein  predicted  that  the  unigue 
topology  of  this  systea  would  result  in  improve¬ 
ments  in  the  multidlsensional  properties  of  fibers 
and  films.  Furthermore,  he  suggested  that  blends 
of  the  star-block  copolymers  and  polymers  like 
poly (p-phenylene  terephthalaaide)  would  have 
improved  strength  in  directions  other  than  the 
chain  direction. 

We  decided  to  study  the  effect  of  aolecular 
orientation  on  the  transverse  aechanical  proper¬ 
ties  of  PBO  and  ABPBO  by  preparing  star-like  block 
copolymers.  He  proposed  to  use  the  favorable 
geometry  of  3,S-  diaBino-9,9-biB(4-aBinophenyl)- 
snthrone  to  prepare  ABPBO  and  PBO  chains  with 
'Star-like  or  radially  shaped  chain  orientations 
with  respect  to  the  enthrone  nucleus. 


9,9-Bis(4-aninophenyl)anthrone-3,6-  dibenzaaids 
was  prepared  by  essentially  the  method  used  by 
Srinivasan  and  coworkers  (<)  to  prepare  9,9-bia(4- 
aalnophenyl) enthrone.  Aniline  hydrochloride 
(7.77g,  0.06  Bole)  and  70  ml  of  freshly  distilled 
aniline  were  added  to  4.46g(0.01  mole)  of  I  in  a 
SOO  al  three  necked  flask  equipped  with  a  conden¬ 
ser,  theraoaeter,  drying  tube,  and  aagnetle 
stirrer.  The  mixture  was  refluxed  at  1B0**C  for  34 
hrs.  The  reaction  mixture  was  allowed  to  cool  to 
rooB  teaperature  and  stand  overnight.  9,9-bis(4-  . 

aalnophenyl) enthrone  was  collected  by  filtration  I 
and  washed  with  aethanel.  The  crude  product  was  ’ 
recrystallized  from  B.N-dlaethylacetaaide.  Yield 
3.4g  (39  t).  IB  (KBr  pellet)  ISSI  ca**  (aalda 
X  peak)  strong,  1634  ca~*  (KH]  bending)  aediua. 
Anal.  Pound:  C,  77.71%;  R,  4.S7%;  H,  9.1B% 
(theoretical,  C,  78.17%;  H,  4.88%;  M,  9.12%). 
Preparation  of  3.6-Diamine-9.9-bisf4-aBinQDhenYll- 
anthrona  ill 

A  mixture  of  II  (3.00g,  32$  aaole) ,  30  al.  of 
0.3  N  potassiuB  hydroxide,  and  170  al.  of  dlme- 
thylsulfoxide  was  refluxed  for  3  hrs.  Pour  hundred 
allllllters  of  water  were  added  to  the  solution. 
After  cooling  and  filtering,  10%  sodium  bicar¬ 
bonate  and  1S%  sodiua  hydroxide  solutions  were 
^ded.  to  the  filtrate.  Red-vellow  2,6-diaBlne-9,9- 
biF(4-aainophenyl)anthrone  was  obtained  Ijy  "  > 

filtration.  Yield,  O.Sg  (38%).  IR  (KBr  pellet) 

1665  ea~*  (C^)  aediua,  1637  ea'*  (KR}  bending) 
medluB.  Anal.  Pound:  C,  75.51%;  R,  5.07%;  M, 
11.89%.  C,  78.70%;  H,  S.30%;R.  13.69%  (theore¬ 
tical,  C.  76.81%;  H,  5.47%;  M,  13.79%). 

Peafflicn  ..ftl  JL-AMlng-il-bydirgattefhtglc.  Acid  wltb  ! 
a .  tdMAalng=&J--Jfei8  f  (zAhipgphtnyl)  8ntto.i>nt..llX 

A  mixture  of  8.3  g  of  115%  PPA  and  3.49  of  PA 
(87.5%  phosphoric  acid)  was  heated  at  lOO^C  for  4 
hrs  under  reduced  pressure  in  a  350  ml  3  necked 
flask.  Ill  (  0.190g,  0.448  amols)  and  7.09  (  44.8. 
mmole)  of  2-amlno-3-bydroxybenzole  acid  were  in-  - 
trodueed  into  11.6  al  of  the  warm  PPA.  The  con¬ 
tents  of  the  flask  were  deaerated  by  a  vacuum 
puap.  The  reaction  kettle  was  heated  with  an  oil 
bath  at  OO^C  under  a  stream  of  nitrogen  gas  over-  ’ 
night.  The  kettle  was  then  placed  under  reduced 
pressure  aiwl  heated  to  70°C  for  23  hrs.  Phosphorus 
pentoxide  (10.67g)  was  added  to  the  reaction  mix¬ 
ture  to  Increase  the  effective  PjO.  content  to 
88.5%.  After  stirring  for  3  hrs,  the  temperature 
was  raised  to  100°C  and  the  reaction  aixture  was 
maintained  uiwler  reduced  pressure  for  21  hrs  at 
this  temperature.  Then  the  mixture  was  heated  as 
follows:  for  3  hrs  at  115*’c  uivder  nitrogen;  for  2 
hrs  at  130*’c  under  reduced  pressure;  for  0.5  hr  at 
170*’c  under  reduced  pressure;  and  at  190**C  under 
reduced  pressure  for  17  hrs.  The  solution  was 
poured  into  water  and  the  polymer  which  precipi¬ 
tated  was  filtered  and  washed  with  methanol.  The 
intermediate  polyaer  obtained  was  then  heated 
under  nitrogen  for  30  hrs  at  270”C.  Yield,  4.89  of 
green  black  polyaer.  IR  (KBr  pellet)  1654  ca'* 
(amide  I  peak)  small,  1545  (C~R)  strong.  Anal. 
Pound:  C,  70.51%:  H,  3.68%;  R,  11.60  (theoretical, 
C.  70.91%;  H,  3.09%;  R.  11.93). 
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BZPERXMBMTAL 

Preparation  of  Anthraquinone-3.6-dibentamlde  I 
Anthraquinone-3,6-dibentaBide  I  was  prepared  by 
the  reaction  of  3,6-diaBinoanthraquinone  with 
benzoyl  chloride  under  reflux.  Yield  (78  %),1R 
(KBr  pellet)  1679  cm*'  (aside  I  peak)  strong,  1660 
CB**  (CH>,guinona)  strong. 

Preparation  of  9,9-Bi8(4-8minophenvHanthrone-2.6- 
dibenzsMide  11 


Hydrolysis  of  9,9-bis(4-aminophenyl)anthroiM- 

2.6- dibcnzamide  II  with  sodium  hydroxide  in 
refluxing  dimethylsulfoxide  produced  a  aixture  of 

3.6- diaaino-9,9-bls(4-aBino|^enyl)anthrona  111  and 

3.6- diamine-9,10-bis(aBinophenyl)anthraeene  IV. 
Calcd.  (50%  111  ♦  50%  IV):  C,  78.35%;  H,  5.58%;  R, 
14.06.  Pound:  C,  78.70%;  M,  5.30%;  M,  13.69%. 
Hydrolysis  of  II  at  lower  temperatures  produced  a 
•aixture  of  XV  and  benzoic  acid.  Calcd.  (70%  III  * 
30%  benzoic  acid):C,  75.75%;  H,  5.36%;  R,  13.21%. 


round:  C,  7S.Slt;  N,  '5.071;  H,'  11. 09%.  The  ■Ixtura 
of  III  and  banioic  acid  waa  uaad  to  prapara  atar- 
llka  poly-3, 4-bantoxatola.  Aftar  an  Intaniadlata 
pol^ar  waa  foraad  which  atill  contained  r.inQa 
which  wara  not  cioaad,  a  heat  traataant  atap  waa 
needed  to  fora  the  atar-lika  polyaar  ayateaa 
(Schaaa  1) .  The  inherent  viacooity  of  the  polyaar 
in  aathana-eulfonic  acid  at  30”C  waa  deterained  to. 
be  0.90  dl/g.  The  proton-decoupled  natural- 
abundance  ''c  rr  NKR  spactrua  of  atar-lika  poly- 
3. 4-banzoxazole  in  DjSO.  ia  ahown  in  Figure  1.  The 
cheaical  ahifts  (relative  to  THS)  wera  aa 
followa:  <  75.0,  106.9,  133.0,  136.1,  110.3, 

133.3,  150.0,  and  161.9  ppa.  The  peak  at  f  75.0 
ppa  correaponda  to  the  reaon-ance  for  the 
quaternary  carbon  in  the  9-poaition  of  the 
enthrone  ring.  The  ahifta  for  bent-oxzole(7) 
are  reported  to  appear  at  111.6,  131.1,  125.3, 

136.3,  141.1,  150.7,  and  154.1  ppa  in  acatone-d^. 
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